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General Introduction 
1.1 Environmental Pollution 
The relationship of man with the environment is necessarily 
symbiotic, the equilibrium between the two must be 
maintained at all costs. Throughout man's existence on the 
earth/ he has depended upon a neat balance among the various 
elements of the earth. During the last few centuries, 
however, man's relationship with his environment has 
drastically changed due to increased scientific and 
technological activities. 
Environmental pollution has been defined as the 
unfavorable alteration of our surroundings by 
industrialisation or by other human activities [!]• A 
pollutant is a substance or effect present in nature in 
greater than its natural abundance, and has detrimental 
effect on living organisms. It is, usually, introduced into 
the environment as sewage, waste, accidental discharge or as 
a by-product of manufacturing processes and as compounds 
used to protect plants and animals. The royal commission of 
Environmental Pollution in its fifth report has described 
that pollution occurs when, as a result of man's activities, 
enough of a substance is present in the environment to have 
harmful effects. Many substances which can become pollutants 
are present naturally in the environment in lesser amounts 
and may be ceneficial or even essential to it. Pollution 
includes the reJease into the environment or substances 
which harm the quality of air, water or soil; substances 
which upset the biological cycles linking man to animals, 
bacteria and plants, substances which damage the health of 
man, animals or plants. 
Pollution and pollutants can be classified in various ways, 
Some of the approaches are summarized below : 
I. Medium Based Classification 
According to this approach, pollution is categorised 
according to the medium of dispersal and may be: 
a. Air Pollution 
Atmospheric pollution is due to the presence of particulate 
pollutants (e.g. solid particles or liquid suspended in the 
air causing smoke, mists etc.) and due to gaseous pollutants 
(e.g. carbonmonoxide, sulfurdioxide, oxides of nitrogen, 
hydrocarbons etc.). The air pollution originates from 
processes such as evaporation, chemical and nuclear 
reactions, resulting in high concentrations of the 
contaminants in air. The gaseous wastes from automobile 
exhausts and factory chimneys as well as primitive forms of 
heating (e.g. buring coals, cowdung cakes) are the major 
sources of air pollution in big cities [2-4], 
b. Water Pollution 
Water is considered to be polluted when its quality 
degenerates due to sewage, industrial discharge, degradation 
of proteinaceous materials and surface run off water from 
lands treated with chemicals used to protect plants. In 
other words, environment for aquatic life and aesthetics are 
damaged beyond the reasonable limit, called tolerance limit. 
c. Soil Pollution 
Land is said to be polluted when the quality of soil 
degenerates due to sewage, industrial waste, degradation of 
proteinaceous materials and chemicals used in our 
agricultural practices. 
II. Pollutant Based Classification 
According to this approach, pollutants may be divided into: 
1. Energy and 2. Matter' 
Energy pollutants may be heat e.g., waste heat in the 
cooling water from a power station, sound e.g. noise and 
radiation e.g. gamma radiation from a source. 
Matter pollutants may be solid, liquid or gas and may 
further be broadly classified as : 
a. Inorganic pollutants and 
b. Organic pollutants. 
Among inorganic pollutants heavy metals play a major role in 
pollution. 
1.2 Heavy Metal Pollution 
Metalic pollution of the environment from anthropogenic 
sources constitutes a major health hazard of this century. 
This has led to global concern over long-term as well as 
immediately imperceptible effects of heavy metals. Among 
the international agencies, the World Health Organization, 
International Labour Organization, United Nations 
Environment Programe, and Food and Agriculture Organization 
have been in the fore-front in intiating action on 
monitoring, control and prevention of metal pollution of the 
environment. The development of metallurgical, heavy 
engineering and various types of chemical industries has 
given rise to new and complex problems of health hazards 
both for workers and the community at large. 
Health Effects 
From the viewpoint of health, metals can be divided into the 
following four major groups: 
i. Metals essential to life processes, e.g. copper, zinc, 
chromium, manganese, iron and cobalt, 
ii. Metals probably not essential to living systems e.g. 
barium.- aluminium, lithium and zirconium. 
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iii. Metals toxic to some life processes, e.g. tin and 
arsenic. 
iv. Metals highly toxic to the system, e.g. mercury,cadmium 
and lead. 
It is exceedingly difficult to make a clear distinction 
between essential and toxic mertallic elements, as all 
metals are probably toxic if ingested in sufficiently large 
doses. At present, eleven metals are beleived to be 
essential for life. These are iron, copper, zinc, 
manganese, cobalt, molybdenum, selenium, chromium, nickel, 
tin and vanadium. Elements like arsenic, antimony, lead, 
cadmium, mercury and bismuth are known to be definately 
toxic even at very low levels of intake. 
Table 1.1 
Classification of Metals According to Biological Effects, 
oral toxicity to Mamraals. 
Highly toxic Moderately toxic Slightly toxic Non-toxic 
As Cd 
Pu Cu 
Sr Hg 
Th Pb 
Ti Sb 
V 
Al 
Mo 
Ta 
W 
Zn 
Zr 
Ca 
Na 
I 
Rb 
K 
Enhanced levels of heavy metals in the aquatic environment 
cause concern because of: 
i. Possibility of accumulation of these metals in the 
human body to toxic levels, 
ii. Bio-concentration/accumulation and magnification by 
aquatic organisms 
iii. Chronic and sub-lethal effects to organisms at low 
concertrations. 
iv. Persistence in the environment with possibilities for 
environmental transformation into more toxic compounds. 
V. Possible intake through drinking water and aquatic 
food. 
vi. High sensitivity of children for some of the heavy 
metals. 
vii. Carcinogenic and teratogenic possibilities of some of 
the heavy metals, 
viii.Phyto-toxicity of heavy metals. 
Synergestic effect of heavy metals to organisms. 
In the recent past, the outbreak of Itai-Itai disease in 
Japan following the consumption of rice containing high 
levels of cadmium; the Minamata disease caused after eating 
methyl mer • r; contaminated fish, and lead poisioning in 
children who liked toys painted with lead based paints have 
dramatised the ill-effects of environmental pollution by 
toxic metals. 
Table 1.2 gives a picture of sources and adverse effects of 
toxic metals present in natural and waste waters. 
Table 1.2 
Sources and Effects of Toxic Metals 
Metal Sources Effects and Significance 
Arsenic 
Cadmium 
Copper 
Lead 
Mercury 
Molybdenum 
Selenium 
Mining by-product, 
p e s t i c i d e s / chemical 
waste 
Industrial discharge/ 
mining waste/ metal 
plating, water pipes 
Metal plating/ indus-
trial and domestic 
waste/ mining/ 
mineral leaching 
Industry/ mining 
plumbing,coal 
gasoline 
Industrial waste 
mining/ pesticides, 
coal 
Industrial waste 
natural sources 
Natural geological 
sources,sulfur 
coal 
Toxic, possibly carcino-
genic 
Replaces zinc bio-
chemically causes high 
blood pressure. Kidney 
damage, destruction of 
testicular tissue and 
red blood cells, 
toxicity to aquatic 
biota. 
Essential trace element 
not very toxic to 
animals, toxic to 
plants and algae at 
moderate levels. 
Toxic (anaemia, Kidney 
disease, nervous dis-
order) ,wild-life 
destroyed. 
Highly toxic 
Possibly toxic to 
animals, essential for 
plants 
Essential at low levels 
but toxic at higher 
levels. 
zinc Industrial waste, Essential in many metallo-
metalplating,plumbing enzymes, toxic to plants 
at higher levels. 
Chromium Chromates and chrome Carcinogenic to lung 
pigment manufacturing 
Nickel Nickel refineries Carcinogenic to nasal 
sinuses and lung. 
1.3 Analysis of Heavy Metals from Industrial Wastes 
The presence of heavy metals in the environment can be 
deterimental to a variety of living species. Therefore, the 
analysis and removal of heavy metals from water and waste 
water is important inorder to protect public health. 
Several techniques proposed for the analysis of heavy metals 
indued, neutron activation analysis, anodic stripping 
voltametry (ASV), atomic absorption spectrophotometry 
(AAS), inductively coupled plasma emission spectroscopy 
(ICPES), X-ray fluorescence, non-dispersive infrared 
spectrometry, fourier transform infrared spectroscopy 
(FTIR), Chemiluminescence, ion selective electrodes and 
chromatography. 
Analysis consists of detection, determination and 
separatation of analyte in a sample. Various separation 
techniques u:-ed t.re : precipitation, distillation, 
sublimation, extraction, crystallization, floatation, ultra 
filtration, dialysis, electrophoresis and chromatography. 
10 
Among these soi-eration methods, chromatography has been 
the much favored method for the analysis of environmental 
samples of variable composition. 
1.4 Chromatography 
According to keulevaan "chromatography is a physical method 
of separation, in which the components to be separated are 
distributed between two phases, one of which constituting a 
stationary bed of large surface area, the other being a 
fluid that percolates through or along the stationary 
phase". Infact it is difficult to formulate a good 
definition of chromatography because it is a collective term 
applied to mc'-hodr? which appear diverse in some aspects but 
share certain coromon features. However, Keuleman's 
definition serves as good as any other definition. 
The origin of chromatography goes back to Runge's 
experiment on capillary analysis . Davy observed changes in 
the composition of crude petroleum when it came in contact 
with rocks displaying adsorptive activity. These reports 
may be • considered as part of the development of 
chromatography. It v/as only about 95 years ago, a Russian 
botanist, Michael Tsv.-ett published two papers [5] in 1906, 
on the separatii^n of plant pigments achieved by percolating 
the petroleum ether extract of green leaves through a glass 
column packed with fine grains of calcium carbonate. The 
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separation involvf;!^  Lhe formation of a series of green and 
yellow bands and hence the term 'Chromatography' chroma 
(color) + graphy (writing) was coined by him. Tswett's work 
was realized after the application of chromatographic 
principles to the separation of natural substances by Kuhn 
et.al.[6,7]. Therefore, the birth of column liquid 
chromatography is ascribed to the work of Tswett. 
Another milestone in the development of chromatography was 
reached in 1941 when Martin and Synge [8] reported their 
descovery of liquid-liquid partition chromatography. They 
used one liquid as a sorbent and another liquid was allowed 
to percolate through the former, thus making the technique a 
chromatographic process. Their work set a precedent for the 
development of other forms of chromatography. 
The chronolgical development in separation techniques of 
chromatography is presented in Table 1.3. 
Table 1.3 
ChronQlogical Development of Chromatographic Techniques 
S.No. Chromatographic technique Year of Discovered by 
^iscoyerY 
1. Thin Layer Chromatography 1938 
(TLC) 
Partition Chromatography 1941 
PapcL" Chronidtography (PC) 1944 
Counter CurroDt Distri-
bution (ccn) 
1944 
Izmailov and 
Schraiber 
Martin and 
Synge 
Consden,Gordan 
and Martin 
Craig 
12 
5. Gel permeation Chromato-
graphy (GPC) 
6. Gas Chromatography (GC) 
7. Ion-exchange Chroma-
tography ,IEC 
(adsorption) 
8. Electrophoresis 
9. Thin Layer Chromato-
graphy (TLC)/partition 
10. Gas-Liquid Chromato-
graphy (GLC) 
11. High Performance Liquid 
Chromatography (HPLC) 
12. Ion- exchange Chroma-
tography lEC (Partition) 
13. High Performance Thin-
Layer Chromatography 
(HPTLC) 
14. Ion Chromatography 
1945 
1946 
1947 
1948 
1951 
Barrer 
Claesson 
Mayer and 
Thompkins 
Haugaard and 
Kroner 
Kirchner/Miller 
and Keller 
1952 
1952 
1963 
1974 
1975 
James and Martin 
James and Martin 
Samuelson 
James and Martin 
Small/Stevens 
and Bauman 
1.5 Chromatographic Systems 
According to the physical arrangement chromatographic 
systems can be divided into planar or co-lumn depending on 
the geometry of the column support. The planar arrangement 
are represented by paper and thin-layer chromatography. 
According to development procedures the planar systems can 
be further clacsified as ascendent, horizontal/ descendent 
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and occasionally centrifugal. 
The four possible chromatographic systems derived from 
solid, liquid and gaseous phases are : 
a. Liquid-Liquid 
b. Liquid-Solid 
c. Gas-Liquid 
d. Gas-Solid 
Of these, liquid - liquid and liquid - solid systems 
constitute 'liquid chromatography'. 
The great power of liquid chromatography as a separation 
tool was widely recognized by the mid 1930s, but the idea of 
building an efficient and self-contained analytical 
instrument around it goes back about 15 years. Liquid 
chromatography includes column chromatography, paper 
chromatography and thin layer chromatography (TLC) out of 
these, TLC is more efficient and rapid. However, the high 
performance liquid chromatography (HPLC), similar in 
efficiency to GLC has widen the applicability of liquid 
chromatography. 
As the work undertaken by us involves the use of TLC as 
analytical technique, it is now appropriate to summarize 
some salient features of this most popular and commonly used 
separation technique. 
14 
1.6 History of TLC 
The first use of TLC was recorded by the Dutch biologist 
Beyerinck, in 1889 [9]. Infact, this work predates all other 
chromatographic work except that of Runge [10,11], 
Schoenbein [12] and some of Goppelsroeder's work [13,14]. By 
allowing a drop of a mixture of hydrochloric and sulfuric 
acids to diffuse through a thin-layer of gelatin, he found 
that the hydrochloric acid traveled faster than the sulfuric 
acid and thus formed a ring around the latter. Beyerinck was 
also the first to apply a visualizing agent in thin layer 
chromatography. The hydrochloric acid zone was detected by 
brushing on a solution of silver nitrate, and Ithe sulfuric 
acid was made visible with a barium chloride solution. Then 
in 1898 Wijsman [15] showed that there were two enzymes 
present in malt diastase by using the same technique. 
Wijsman was the first person to use a fluorescent phenomenon 
for detecting a zone on a thin layer. He used bacteria 
obtained from sea water as fluorescent agent. This is a very 
sensitive test, and he obtained a limit of detection of 
1/28,000,000 of a milligram of maltose. 
Izmailov and Schraiber [16], in 1938, made use of a thin 
layer of aluminum oxide spread on a glass plate. The layer 
didn't contain a binder. They placed a drop of the solution 
on the adsorbent and developed into concentric rings with 
15 
drops of solvent, the drop method of thin layer 
chromatography. 
In 1939, Brown demonstrated the use of a technique for 
circular paper chromatography by placing filter paper 
between two glass plates. The sample and the developing 
solvent were applied through a small hole in the upper 
plate. To obtain a stronger adsorbent, he proposed the use 
of a thin layer of alumina between two sheets of paper. 
Lapp and Erali [17] in 1940, used a loose layer of 
aluminium oxide 8 on long on a glass slide that was 
supported on an inclined aluminium sheet. This sheet was 
cooled at its upper end and heated at the lower end. The 
sample was placed at the top of the adsorbent layer and 
gradually developed with drops of solvent. The use of heat 
at the lower end of the layer increased the evaporation rate 
of the solvent so that increased development could take 
place. 
In 1941, Crowe [18] placed the adsorbent in cups of spot 
plates. He selected the adsorbent and the solvent using a 
technique similar to that of Izmailov and Schraiber. Here 
again the drop method was used. 
Bekesy in 1942 [19] prepared a chromatographic column by 
poring a slurry between two glass plates held apart by a 
cork gasket. He prepared a micro column in the same manner 
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by placing a glass plate over another plate containing a 
shallow groove; the two plates were held together with agar. 
In this case again the micro column was filled with an 
adsorbent slurry. 
Williams in 1947 [20] used the same idea of Brown, but 
eliminated the filter paper placed between two glass plates, 
entirely. 
Meinhard and Hall [21] were the first to use a binder to 
hold the adsorbent to the glass support .ihey used a mixture of 
aluminium oxide, filter aid and starch on microscope slides, 
in separating inorganic ions. 
In 1950 Kirchner and Keller [22] developed the use of 
silica - impregnated paper. But the preparation of 
impregnated paper proved to be rather tedious and the 
product still has a limited adsorption capacity. The quest 
for a suitable adsorbent and paper binder continued; sixteen 
different adsorbents were evaluated and silica gel was 
selected as the most satisfactory and universal adsorbent, 
and gypsum was introduced as a binder. 
The most significant contribution to TLC was the 
development of the layers in a closed tank analogous to the 
ascending paper chromatographic technique. The first paper 
on this important work was published by Kirchner at al. in 
1951 [23]. Quantitative thin-layer chromatography was 
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introduced by Kirchner et al. in 1954 [24] with an elution 
method for the determination of biphenyl in citrus fruit 
and products. 
1.7 General Technique of TLC 
The basic TLC is carried out as follows : 
A drop (0.5-10 pL) of a sample mixture is spotted onto a 
TLC plate at about 3 cm from the lower edge of plate. The 
spot is completely dried at room temperature and the plate 
is developed in suitable mobile phase inside a closed 
chamber. The com.ponents of the mixture migrate at different 
rates during the migration of mobile phase through the 
stationary phase. After the development is over , the plate 
is removed, dried and the zones are detected using suitable 
detection reagent. Differential migration results because of 
varying degrees of affinity of the mixture components for 
the stationary and mobile phase. 
Compound identification in TLC is based on R„ which is a 
r 
measure of the ratio of the distance traveled by the solute 
from the point of origin to the distance traveled by the 
solvent i.e. 
distance of solute motion 
R 
distance of solvent motion 
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1.8 Principles and Techniques 
In TLC the separation of components in a mixture is achieved 
by homogenizing the experimental conditions involving 
stationary and mobile phases. The desired separation can be 
achieved by proper selection of adsorbent (stationary phase) 
and solvent (mobile phase). 
Choice of Adsorbent and Solvent 
In chromatography one has to deal with a system of atleast 
three components - adsorbent, solvent and the compound being 
chromatographed (adsorptive). The behavior of the compound 
is dependent upon both the adsorbent and the solvent. Hesse 
[25] refers to this as the 'adsorption environment'. It is 
now possible to predict within certain limits which 
adsorbent and which solvents will be suitable for the 
chromatography of a given substance. While there is a very 
limited number of usable adsorbents, there are usually 
several suitable solvents. In general, if a powerful (active) 
adsorbent is used for a given substance, a correspondingly 
powerful eluent is required, and vice-versa. 
a. Adsorbents 
The binding of adsorbtives onto the surface of the adsorbent 
is due to ion - dipole or dipole-dipole forces. Hydrogen 
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bonds also often play a part in linking the adsorptive to 
the adsorbent. Molecules that form internal hydrogen bonds 
are less strongly adsorbed on silica gel or hydrated alumina 
than isomeric compounds without this property [26]. 
A number of adsorbents have been used in TLC but silica 
gel has been the much favored material. In recent years the 
importance of using surface - modified sorbents in TLC has 
increased. Besides the possibility of changing the 
selectivity of sorbent by chemical modification, improvement 
in selectivity can also be achieved by impregnating the 
matrix v\?ith suitable organic or inorganic substances 
(physiorption). 
b. Solvents 
The rate of migration of a compound on a given adsorbent 
depends upon the solvent used. Solvents are generally 
selected by consulting the pertinent literature to find 
suitable solvent for the separation of interest. In TLC the 
separation of ion is usually governed by the physical 
interactions of the adsorbent and the coordinative 
properties of the mobile phase. Mixtures of two or three 
solvents of different polarity often give better separation 
than chemically homogeneous solvents. The mobile phases 
used so far may be categoriszed as follows : 
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1. Inorganic solvents 
2. Organic solvents 
3. Mixed solvents 
4. Complex - forming organic solvents 
Methods of Detection 
The methods of detection used in TLC are of three major 
categories. 
a. Chemical b. Physical c. Enzymatic or biological 
Chemical methods of detection involve the spraying of 
chromatoplates with a suitable reagent, which forms colored 
compounds with the separated species. Apart from a number of 
general as well as specific reagents used for the detection 
of inorganic ions, the most commonly used reagents are : 
dithizone, dimethylglyoxime, diphenylamine, potassium ferro 
cyanide, hydrogen sulfide, alizarin, thoron etc. 
Physical methods of detection involve: spectroscopy or 
autoradiography , X-ray fluorescence micro analysis with a 
scanning collimated primary x-ray beam, UV radiation etc. 
Nanda and Devi have reported an enzymatic method [26} for 
the detection of heavy metal compounds in fresh water. 
Nicolaus and Coronelli [27,28] have reported a 
microbiological method, called bioautography, for the 
detection of antibiotics on TLC plates using 
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triphenyltetrazolium chloride (TTC) and a microorganism that 
is sensitive to the antibiotic in question. 
1.9 Reproducibility of R„ Values 
The R_ values is dependent upon many variables [29] which 
r 
must be watched during the preparation and evaluation of the 
chromatogram, to obtain reproducible results. The variables 
which affect R_ values are: F 
a. Quality of the layer material 
b. Activation grade of the layer 
c. Layer thickness 
d. Quality of the solvent 
e. Chamber saturation 
f. Technique used. 
g. Development distance and distance of the starting point 
from the surface of the solvent 
h. Impurities 
i. Temperature 
1.10 Quantitative Evaluation 
Quantitative evaluation of thin layer chromatograms can be 
divided into two categories 
1. Analysis on thin layer 
2. Analysis after elution 
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The assay on the layer can be carried out in three ways, 
i. Spot area 
This type of determination is based upon the fact hat 
there is a mathematical relationship between the spot area 
for a given substance and the weight of the substance 
contained in the spot [30]. Seher [31,32] obtained results 
with only 5 percent error using calibration curves obtained 
by plotting spot area against weight. 
ii Spot area and Density 
The size and intensity of spots formed by the acid 
spray and charring of a chromatogram provide a satisfactory 
basis for quantitative evaluation [33]. This method has an 
advantage in that the density of the spots can be measured 
on a densitometer. Results can be obtained with about 5 per 
cent error. 
iii Minimum Spot Visibility 
In this technique [24], a standard solution of the 
substance to be assayed is successively diluted and each 
dilution is chromatographed until the minimum visible amount 
is determined. The unknown solution is then successively 
diluted and chromatographed until the minimum visible amount 
is determined. Knowing the dilution factor of the unknown 
and the minimum value, the amount of unknown in the original 
sample can be calculated. The average error in rusults 
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obtained by this method was 11.3 per cent. 
Analysis after elution has been used more extensively than 
the layer assay method. This technique is carried out in two 
ways. 
i. Analysis by Spectrophotometry 
After development of the chromatogram the spot of 
adsorbent containing the substance to be analyzed is 
removed; the substance is eluted with an appropriate solvent 
and assayed in spectrophotometer. Normally the method gives 
results with an error of 3 to 5 per cent. 
ii Analysis by Colorimetry 
This technique is almost identical with the spectroscopic 
method except that a color - producing reagent is added to 
the sample before it is measured in the spectrophotometer. 
This method generally gives results with about 5 percent 
error. 
Radioactivity Methods of Quantitation 
A novel method for quantitation in TLC is the radioactivity 
method. This method require prior labelling of the compounds 
to be analyzed. The chromatograms are spotted and developed 
24 
in the usual way and have been evaluated by three methods. 
The first method is to make autoradiographs [34,35] and to 
evaluate them using a densitometer and calibration curve. 
The second method [35] is to locate the spots by such an 
autorodiograph or by nondestructive spray reagents and to 
elute the sample and measure it in a conventional counter 
using scintillator solutions [36]. Schulze and Wenzel [37] 
14 
used a gas-flow counter for the assay of C and tritium 
labelled compounds. 
1.11 Advantages of TLC 
TLC is thj most versatile and flexible chromatographic 
method. It is rapid because precoated layers are available 
to be used as received, without preparation. It has highest 
sample throughput, because upto 30 individual samples and 
standards can be applied to a single plate and separated at 
the same time. The automated sample applicators and 
developers allow high accurary and precision in 
quantification. There is a wide choice of layers, developers 
and detection methods. The wide choice of detection 
reagents leads to unsurpassed specificity. Less pure samples 
can be applied as the layers are normally not reused. Being 
an 'off line' method, different steps of the procedure are 
carried out independej.tly. 
25 
1.12 Latest Developments in TLC 
After the pioneering work of J.Kirchner [38] and E.Stahl, 
TLC became important for the separation of samples not 
amenable to analysis by GC. The rapid growth of TLC was 
slowed down during 1970s with the corresponding rise in 
popularity of HPLC. The capacity factors in HPLC are more 
reproducible than R values in TLC. However, recent 
improvements in TLC have removed many of its limitations. 
As a result of the recent innovations in TLC several new 
techniques such as high - performance thin-layer 
chromatography (HPTLC), over pressurized thin-layer 
chromatography (OPTLC), centrifugal layer chromatography 
(CLC) and reversed phase thin - layer chromatography 
(RPTLC) came into light. The quantification by densitometric 
scanning have also improved the efficiency of classical TLC. 
HPTLC layers are smaller, thinner, contain sorbent of 
more uniform particle size and are developed for a shorter 
distance . All these factors lead to faster separations, 
reduced zone diffusion,lower detection limits, less solvent 
consumption and better separation efficiency. 
OPTLC was introduced by Hungarian scientists in 1970s, in 
OPTLC, the vapor phase has been eliminated and the sorbent 
layer is completely covered with an elastic membrane under 
external pressure. The mobile phase migrate through thin 
26 
layer due to the 'cushion system' at over pressure. Thus, 
OPTLC combines advantages of the continuous development 
techniques and elimination of free space in the 
chromatographic chamber. 
In CLC the eluent flow is induced by centrifugal force. 
The sample is applied near the center of a rotating disk 
covered with adsorption material. Concentric Zones of 
substances migrate towards the outside of the plate during 
elution . The circles elute sequentially from the disk and 
can be recovered separately. 
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Survey of Literature 
The following paragraphs are devoted to summarize the 
available information covering the period 1970-1990, in 
connection with the use of TLC in the analysis of 
environmental samples. 
I Books 
Paper and Thin Layer Chromatographic Analysis of 
Environmental Toxicants [66, Eng.] 
Method for the Identification of Trace Amounts of Pesticides 
and Products of their Transformation in Environmental 
Samples [67]. 
An analytical scheme of detection of pesticides and their 
reaction products in the (water, soil, air etc.) including 
thin layer chromatography, in which various sorbents, mobile 
solvent, developing agents are used, and gas-liquid 
Chromatography on columns of various polarity, is 
suggested.The use of the scheme is illustrated by 
identification of photolysis products of dithio - and 
thiophosphate and S-triazine pesticides (Russ.) 
TLC in the Analysis of the Respiratory Environment [68]. 
A review and discussion v/ith 22 references on the use of 
TLC in the analysis of respiratory carcinogens in the 
34 
environment (Eng.) 
Advances in Thin-Layer Chromatography : Clinical and 
Environmental Applications [69, Eng.] 
The Characterization of Hazardous V7astes by Thin-Layer 
Chromatography [70] 
TLC screening procedures are described to detect specific 
chemicals frequently found in hazardous wastes. The systems 
designed for toxic metals and chlorinated and 
organophosphorous pesticides detect 0.5-2 pg of the 
compound and employ preextraction and concentration 
procedures in case of samples below the sensitivity of the 
test. As an example, metals were applied as chloride or 
nitrate salt solutions onto micro crystalline cellulose 
layers (Polygram cell 400) and developed in BuOH saturated 
v/ith 3N HCl for «? 2h. The plate was sprayed with 2% (NH.)2S. 
(Eng.) 
Determination of Chlorinated Agro Chemicals by Thin-Layer 
Chromatography. Chlordane Determination [71]. 
*^-Chlordan (I) and 14 other organo chlorine pesticides 
were detected in water by TLC using silica gel as the 
carrier, a hexane- Et acetate solution as the developing 
agent and a 5% -0- toluidine alcoholic solution as coloring 
agent. As little as 1-2 jjg were detected. Anthracene was 
35 
used as standard. The R„ values were given (Jap). 
r 
Quantitative TLC of Cholinesterase Inhibiting Pesticides 
Resedues by Reflective Scanning [72]. 
Comparisions were made between the use of indoxyl acetate 
and acetyl thiocholine as substrates for horse serum choline 
sterase for quantitative TLC of choline sterase inhibiting 
pesticide residues. 2,6 -Dichloro indophenol was used as the 
redox dye, and reagents were applied to TLC plates by 
spraying and dipping. Carbofuran and its metabolites and 
phorate metabolites were detected. Low nanograms amounts of 
chloinesterase - inhibiting residues were detected by 
combination of the enzyme inhibition technique and 
reflectance scanning of visualized spots (Eng.) 
Chromatographic Analysis of the Environment [73,Eng]. 
Chromatographic Methods Combined with Mass 
Spectrometry.Technology and Applications in the Fields of 
Environmental Studies, Pharmacology, and Bio Chemistry 
[74,Fr.] 
Environmental Analysis using Chromatography Interfaced with 
Atomic Spectroscopy [75,Eng.] 
36 
II Reviews 
Insitu Fluorescence Spectroscopy of Pesticides and other 
Organic Pollutants [76]. 
Contains many references of fluorometric analysis of 
organic pollutnants, especially pesticides, in solution and 
on paper and thin-layer chromatograms (Eng.) 
The Application of Liquid Phase and Thin Film Chromatography 
to the Analysis of Organic water Polluting Agents. A 
Bibliographic Synthesis [77]. 
Contains 94 references, covers the detection of 
hydrocarbons polycyclic aromatic hydrocarbons, phenols, 
detergents, pesticides and other organic compounds in water 
by thin layer and liquid phase chromatography (Fr.) 
Chromatographic Needs of the Environmental Chemist [78] 
Chromatography for environmental analysis in routine 
monitoring and research project is discussed (Eng.) 
Instrumental Thin-Layer Chromatography [79] 
Advantages of application of instrumental TLC in food 
analysis are discussed. Examples of and conditions for 
quantitative determination of caffeine in foods and DES in 
veal and calves' urine, as well as ascorbic acid in fruit 
juices are detailed (Eng.) 
37 
Chromatographic - Atomic Absorption Analysis and its 
Application [80], 
Contains 47 references. The combination of atomic 
absorption detection with gas, gel and liquid chromatography 
and its use in the analysis of multicomponent samples such 
as biological environmental, and fuel are discussed (Russ.) 
Quantitative Thin-Layer Chromatography of Foods and 
Beverages [81]. 
Contains 20 references on application of TLC for analysis 
of aflatoxins, diethyl stilbestrol, vitamin C, Caffeine 
sugars, and other components of food and beverages (Eng.) 
Thin - Layer Chromatography for Determination of Herbicide 
Residues in Soil [82], 
Contains 17 references (Pol.) 
Environmental Inorganic Analytical Chemistry [83] 
Contains 38 references. Methods used in detection and 
determination of inorganic environment pollutants are 
described (Eng.) 
Determination of a Pattern of Polycyclic Aromatic 
Hydrocarbons (PAH) in Food Environmental Samples. Clean up, 
TLC, in situ Fluorescence Characterization [84] 
38 
contains 7 references on determination of PAH in food and 
environmental monitorin9, including TLC cellulose acetate, 
in situ fluorescence, and fluorescence interferences (Eng.) 
Analysis of Water and Waste Water for Inorganics [85] 
Contains 353 references on inorganic species detection in 
water and waste water includes quality assurance and 
sampling procedures, sample preparation methods, 
chromatographic techniques, spectrophotometry 
electrochemistry x-ray fluorescence techniques, flow 
injection analysis and detection of individual ions (Eng.) 
Analysis of Water and Waste water for Inorganics [86] 
Contains 440 references, covers the detection, presence 
and behavior of inorganic compounds in water and waste 
water. Table are given of quality assurance and sampling 
procedures sample preparation and preconcentration, 
speciation of elements, chromatography, atomic spectroscopy, 
electrochemistry, flow injection analysis, other 
instrumental techniques, and individual elements and 
compounds. Quality assurance in environmental measurements 
is emphasized. (Eng.) 
The use of Radio-Thin-Layer Chromatography in Pesticide 
Environmental Studies [87] 
39 
Contains 4 references on the use of radio - TLC of 
pesticides in environmental samples, both analytical TLC and 
preparative TLC were covered (Eng.) 
Combination of Thin Layer Chromatography and Infrared 
Spectroscopy in the Analysis of Water, Waste Water, and 
Sludge an Introduction [88] 
Contains 25 references. By using thin-layer chromatography 
with selected mobile phases numerous substance groups of 
non-polar to polar character occuring in water, waste water 
and sludges or sediments can be prepared for IR 
spectroscopy. The required substance quantity of 5 to 100 
pg is usually isolated on silica gel layers through 
multistage chromatography. This technique is described by 
way of examples as is the interpretation of optimul spectra 
to be adopted. In addition to substance groups from the 
aquatic environment, metabolites from the biochemical 
degradation of technical products, (e.g. detergents) as well 
as of single compounds (e.g. surfactants) are also included 
in the examples. The results obtained from 20 yrs. of 
experience with the combination of thin layer chromatography 
and IR spectroscopy are summarized (Ger.) 
40 
III Research Papers 
Thin-Layer Chromatographic Comparison of Commercially 
Available Silica gel Coated Films and Sheets with Silica gel 
Coated Glass Plates, Demonstrated on Toxicologically 
Interesting Substances [89] 
Chromatographic data from commercial silica gel layers on 
flexible films and glass fiber sheets are compared with 
those from hand coated silica gel glass plates for a number 
of drugs of toxicological interest. Running rates, relative 
running rates, solvent mobilities, and general 
characteristics of the different media for thin-layer 
chromatography are reported (Eng.) 
Behavior of Polycyclic Aromatic Hydrocarbons During Their 
Characterization by Various Indixes [90] 
Polycyclic aromatic hydrocarbons were isolated from 
industrial exhaust fumes and characterized by the color 
fluorescence, R_ values in 2-dimensional thin-layer 
chromatography (on Al-O^ -acetyl cellulose 2:1 plates with 
hexane-toluene 9:1 and MeOH-Et20-H 0 4:4:1 as the two mobile 
phases resp), retention time values in gas chromatography, 
excitation and emission fluorescence spectra in solution and 
on the thin-layer chromatograms, and by UV, and mass spectra 
(both excitation and emission) measured directly on 
41 
thin layer chromatograms and in solutions was observed for 
some compounds. The R and retention time values were 
correlated with the molecular weight of the hydrocarbons 
(Bulg. ) 
Identification and Determination of Triazines in Effluents. 
Comparison of thin-layer and gas-liquid chromatography [91]. 
The extraction, detection and determination of triazine 
herbicides by thin-layer chromatography and gas 
chromatography were compared and their limits of detection 
and possible interferences investigated. Two samples of 
water were extracted. With 80, 50 and 30 ml CH-Cl- and 
evaporated in vacuum at low temperature. One residue in 0.5 
ml solvent was examined by thin layer chromatography, and 
the second residue in 0.25 ml solvent was injected into the 
chromatographic column containing Ucon 2000. Gas liquid 
chromatography allowed the detection of 500 PPb, and 
thin-layer chromatography, the detection of 25 ppb. At pH 7 
the extraction of triazines from 1 L water was quantitated ^ 
500 ppb. The extraction method needs to be improved for 
quantities<a5? 50 ppb. The separation and identification of 
simazine, Atrazine, Terbulethyl azine, Ametryme, 
Metoprotryne, Desmetryme, Terbutryme, Prometryme, 
Terbutylation were studied (Fr.) 
42 
Determination of Certain Stabilizers-Antioxidants During 
Sanitory and Chemical Studies of Polymeric Materials [92] 
A thin layer chromatographic method is described for the 
identification and qualitative detection in drinking water 
of Trisalkofen BMB and tetra alkofen BPE antioxidants and 
DLTDP (dibauryl thiodipropionate) synergist contained in 
plastics formulations for articles in the water supply 
system. The method was used to detect the migration of the 
additives from polypropylene articles into drinking water 
(Russ.) 
Possibilities of the Thin-Layer Chromatographic 
Determination of Toxic Metal Ions in Industrial Sewage [93] 
The samples were evaporated and residues ignited at 600° C, 
treated with HCl, and the solution analyzed by thin-layer 
chromatography on e.g. silica gel. The position of the 
elements on the chromatogram was detected by spray reagents 
whose composition was dependent on the type of chromatogram 
used. The developing solvent used was dependent on the 
metals being analyzed. A semiquantitative assesment of the 
ions was possible (Ger.) 
Thin-Layer Gas Chromatographic Method for the Determination 
of Polycyclic TLromatic and Aliphatic Hydrocarbons in 
Airborne Particulate Matter [94] 
43 
The cyclohexane solution fraction of airborne particulates 
was separated by TLC into 3 PAH fractions and 1 aliphatic 
hydracarbon fraction suitable for gas-liquid chromatographic 
analysis. The difficult to separate benzopyrene and 
benzofluoranthene isomers are completely resolved in this 
separation (Eng.) 
Comparative Studies on the Thin Layer Chromatographic 
Detection Limits of DDT and its Metabolites in Model 
Solutions at Different Sorption Layers [95] 
Detection limits and semiquantitative determination 
thresholds are tabulated for the thin layer chromatography 
of DDT, 0,P^ - DDT, 0, P^ DDE, DDD and DDMU, using 5 plate 
materials and 7 visualization reagents. The solvent was 
hexane. The best results (detection limit < 0.1 pg) was 
shown with a silufol UV 254 plate and AgNO- - NH.OH reagent 
(UV visualization). Application for the study of water 
pollution by DDT is discussed (Ger.) 
Chromatographic Identification of Chloroalkane Carboxylic 
and Chlorophenoxyalkane Carboxylic Acids [96] 
Distribution (reversed-phase) thin-layer chromotography was 
used to detect chloroalkane carboxylic acids (I) and 
chlorophenoxyalkane carboxylic acids (II) and their 
der ivatives (esters with C, j. alcohols) in water. 
44 
Chromatographic parameters of the acids and their 
derivatives were detected by adsorption and distribution 
thin layer chromatography. I -and II were identified on the 
basis of the chromatographic methods and different types of 
inter molecular interactions, which improve'the reliability 
of the identification (Russ.) 
Determination and Identification of Hydrocarbon Pollutants 
by TLC [97] 
Non volatile hydrocarbons in a marine sediment extract were 
detected by thin layer chromatography (using CHC1_, 
extracts, SiO_ plate gels, and hexane as a solvent) with 
precision approaching that obtained by gas chromatography. 
Saturated hydracarbons, unsaturated hydrocarbons, and total 
non-volatile hydrocarbons, were detected with precision 
8-12%, relative standard deviation. Elemental sulfur, 
traces of chlorinated hydrocarbons, and phthalate esters did 
not interfere and need not be removed. This method is useful 
for oil spill source identification. The chromatograms are 
only minimally affected by weathering of this oils (Eng.) 
Spectrophotometric emd Chromatographic Methods for the 
Determination of the Presence of Organophosphorous 
Pesticides in Objects of Animal and Plant Origin [98] 
Title only translated from Russian. 
45 
New Method for Semiquantitative Detection of Polycyclic 
Hydrocarbons in Drinking Water [99] 
Water samples containing less than 50 ^g, PAH/L are 
eliminated from further analysis by means of a simple, fast 
1-dimensional high-performance thin-layer chromatographic 
method. Chromatogram developed in the usual way with a 9:1:1 
aceto nitrile dichloromethane-water mixture was visually 
compared with that of a standard solution. When the samples 
contained greater than 50 ;ig/L, analysis by means of 
2-dimensional thin-layer chromatography followed by the 
preliminary testing (Ger.) 
A Semiquantitative Test for the Detection of Polycyclic 
Hydrocarbons in Drinking Water [100] 
A rapid 1-dimensional HPTLC method for detecting PAH in 
drinking water requires 15-20 minutes, Vs 3h for 
2-dimensional TLC, and is used to differentiate between 
contaminated and almost uncontaminated waters. The 
chromatogram is produced on a RP-18 TLC plate with a 
concentration zone using an acetonitrile-dichloromethane-
water mixture in volume ratio 9:1:1 as a developing solvent. 
Evaluation is done by visual fluorescence comparision of 
samples with standard solutions. The borderline between 
contaminated and uncontaminated waters set at 50 >ig/L (Ger.) 
46 
Chromatographic Methods for the Determination of Residues of 
S-triazines in Water [101] 
Title only translated from Russian, 
Chromatographic Methods for the Determination of Residual 
Amounts of Prefix and Casaron in Water [102] 
Title only translated from Russian. 
Combination of Thin-Layer Chromatography and Infrared 
Spectroscopy for Identification of Organochlorine Pesticides 
in their Determination in Water [103] 
Combining thin layer chromatography on silica gel 
( LS 5/AOyL ) plates fixed with gypsum in a hexane-Et_0-
HOAC (50:50:2) system and on Al^O^/ plates in a hexane 
system with IR spectroscopy of evaporated CgH, extracts 
placed in KBr tablets permitted identifying the title 
pesticides extracted from H-O by the method of Chmil and 
Klisenko (1977) IR spectra of DDT are presented as an 
example (Russ.) 
Use of Thin-Layer Chromatography for Analysis of Nonionic 
Surfactants and Determination of their Trace Amounts in 
Wastewaters and Petroleum [104] 
Ascending thin-layer chromatography on silica gel with 
47 
100:2.5 CHCl-j-EtOH as the moving phase and Tragendorf f' s 
reagent as the developer was used for detecting poly 
ethylene glycol (I) and OP 10 in oil well waters in 
petroleum. The method could also be used to detect 
approximate the molecular weight of I, as R decreases with 
increasing molecular weight. Satisfactory separation of I 
and OP 10 was also obtained when Al^O^ or Silchrom S soS was 
used as the stationary phase. 
Determination of Pesticides in Water by Densitometry on 
Preadsorbent TLC Plates [105] 
Carbamate pesticides e.g.carbofuran and corboryl, and 
organophosphorus (OP) pesticides, e.g. phorate sulfoxide 
were detected in water samples by silica gel thin-layer 
chromatography (TLC). The solvent system for the OP 
pesticides was 60:30:5 hexane-Me^CO-CHCl^ and for the 
carbamate pesticides was 40:30 cyclohexane-EtOAc. TLC spots 
were scanned by fiber optics densitometry. Average 
recoveries for these pesticides ranged from 94.8% carboryl 
to 84.8% for the phorate 0 analog (Eng.) 
Ion-exchange Thin-Layer Chromatography in the Analysis of 
Wastewaters [106] 
A method was developed for differentiating Zn, Fe, Cu, and 
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_ _ 2-
Ni wastewaters containing also NH. , F / CI and SO^ by 
thin-layer chromatography (TLC). The analysis of samples 
containing 30-600 mg/L metals was carried out directly, 
samples containing higher concentrations were diluted and 
those with lower concentrations were concentrated. A sample 
2+ 
was concentrated by treatment with Naj SjOg to oxidize Fe 
to Fe , then Mg (NO^)- was added and Mg (OH) 2 containing 
coprecipitated hydroxides of Zn, Fe, Cu and Ni; their 
coprecipitation was 94, 98, 95 and 98% complete 
respectively. The hydroxides were dissolved in HNO^ solution 
and analyzed by TLC using commercial plate and developing 
agents (Russ.) 
Mass Spectrometric and Fluorometric Identification and 
Determination of Polycyclic Aromatic Hydrocarbons in Urban 
air [107] 
Polycyclic aromatic hydrocarbons (PAHs) were separated by 
2-dimensional thin-layer chromatography and detection by 
fluorescence spectroscopy. The class to which a compound in 
a spot on the chromatogram belongs was identified by the 
detection of the mass of the molecular ion by mass 
spectroscopy (Eng.) 
Some Application of Flame Ionization Detection Thin-Layer 
Chromatography in the Leather Industry [108] 
The title method can be used for the rapid, simple 
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detection of the composition of products used, of fats 
extractable from leather, of changes in the composition of 
fattiquoring baths and of spews (Fr.) 
An Evaluation of Chromatographic Methods for the Analysis of 
Polychlorinated Terphenyls in Environmental Samples [109] 
Gas chromatography (GC) with packed and capilary columns, 
high-performance liquid chromatography (HPLC) and TLC were 
used to chracterize various commercially available mixture 
of polychlorinated terphenyls (PCTS). Besides, UV absorption 
and mass spectrometry data were collected, and the behavior 
of PCTS upon perchlorination to the tetra 
decachloroterphenyls was studi'ed. Using GC, the PCT content 
of a number of paper and sewage sludge samples was detected. 
The application of perchlorination /GC as method of analysis 
often yields unreliable, i.e., too high results compared 
with the direct GC patern-comparision method. In the case of 
paper samples, hydrogenated terphenyls appear to the 
principal interfering compounds. 
Determination of Long-chain Alkyl Benzenes in Environmental 
Samples by Argentation Thin-layer Chromatography/Mass 
Spectrometry [110] 
The long-chain alkyl benzenes used in the production of 
alkylbenzene sulfonate surfactants have recently gained 
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attention as potential molecular tracers of domestic wastes 
in the environment. Two methods were developed for the 
detection of both linear and branched varieties of these 
alkylbenezenes in complex environmental samples. One relies 
upon the isolation of a pure alkylbenzene fraction from 
total lipid extracts using AgNO- thin-layer chromatography 
(TLC) and subsequent analysis by high resolution gas 
chromatography. The approach involves direct analysis of 
hydrocarbon fractions by high-resolution gas chromatography/ 
electron impact mass spectrometry (HRGC/MS). The AgNO^ 
TLC/GC technique is better suited for routine analysis of 
samples containing only one of the two alkylbenzene types 
(e.g. wastes, detergents) For the more complex alkyl benzene 
assemblages sometimes encountered in waste-affected 
sedimentary deposits, GC/MS has the advantage of being able 
to discrimanate between linear and branched varieties based 
on differences in their respective fragmentation patterns 
(Eng.) 
Purification of Organic Compounds in Environmental Samples 
by Thin-Layer Chromatography-Scrape off and Exctraction 
Method [111] 
A simple, quick, and accurate method was developed for 
isolation and detection of organic compounds such as 
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pesticide resida^B in environmental materials. A sample 
(Such as sludge exctracted with CH2CI2 was applied to a 
silica gel TLC plate, which had been dried at 105°C for 30 
min. and developed with CCl. until the solvent front moved 
by 10 cm. The scraped material from the silica layer 
between 6 and 35 mm from the original line was extracted 
with MejCO, and the extract was analyzed by high performance 
gas chromatography (Column 5%) OV-17 on chromosorb W (60-80 
mesh); glass column 3 mm 0x2 m; column temperature 200 C, 
carrier gas N- at 50 mL/min.) This method given a high 
recovery rate and sharp separation for heptachlor, Aldrin, 
heptachlor epoxide, dieldrin, and endrin added to sludge. 
The TLC method also gave satisfactory recovery of 
anthracene, fluoranthene and benzo (a) pyrine, but not of 
napthalene, as detected by high-performance liquid 
chromatography (UV) 
(Japanese). 
Parameters of Thin-Layer Chromatography of Some Chlorinated 
Organic Pesticides [112] 
Aldrin (I), lindane (II), and DDT (III) were detected by 
TLC on silica gel 60F 254. Petroleum ether-CCl (1:1) or 
cyclohexane-CHCl^(4:l) were the solvent systems. The 
detection threshold were 0.1 pg for I and II, and 0.05 ^g 
for III (Albanian). 
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Problems of Occurrence and Determination of Residues of 
Herbicides on the Basis of Diazines and Triazines in Milk 
[113] 
Chloridazon, bentazon, atrazine, simazine, prometryn, and 
propazine are detected in milk by TLC on silica gel H, G or 
LSL with a toluene-Me2C0 (85:15) or benzene-CHCl^-ETOAC (2: 
2:1) mixture as a mobile phase, and visualization with 
0-tolidine (in a 2% HOAC solution ) and KI solutions. The 
sensitivity of the method was 0.02-0.05 mg/Kg, the recovery 
of spiked herbicides 90% of 46 milk samples taken from dairy 
forms, 28.3% contained residues of chloridazon, prometryn, 
atrazine, or simazine. The concentration of herbicides did 
not exceed 0.05 mg/kg milk (Czech.) 
Determination of Aflatoxins in Air Samples of Refusederived 
Fuel by Thin-Layer Chromatography with Lasaer Induced 
Fluorescence Spectrometric Detection [114] 
An analytical method is described which allows detection 
of aflatoxins in a complex matrix. An apparatus was 
developed that quantitates fluorescent compounds on 
thin-layer chromatographic plates. A.N. laser excitation 
source produces a detection limit of 10 pg for 4 aflatoxins 
Aflatoxin B-j^  was found at levels of <: 17 ppb in solid 
samples collected from the air at a plant which produces 
refuse derived f lel (Eng.) 
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Determination of Atmospheric Concentrations of the Active 
Ingredients in Pharmaceutical Preparations by High-
Performance Thin-Layer Chromatography [115] 
High performance thin-layer chromatography was used to 
detect active ingredients in pharmaceutical preparations, 
e.g. levonorgestrel/ ethynylestradiol and quinine sulfate, 
in air. The eluted spots were detected quantitatively by UV 
or visible absorbance measurements (Eng.) 
Heavy Metal Content of the Water and Some Aquatic Plants in 
the Don and Dnieper Estuaries [116] 
The detection of Hg, Zn, Cu, and pb in water of the 
Don-Dnieper region, USSR involved extraction with CHCl 
3 
containing dithizone and chromatography of the extracts on 
thin layers of silica gel. Aquatic plants were first 
mineralized in concentrated H^SO., HNO^ and H„0„ and then 
extracted with H-0 and the extracts were analyzed as 
described for water. The limits of Hg, Zn, Cu and Pb 
detection were 0.5, 0.5, 3 and 5 pg respectively. The 
statistical variation coefficient was 4 16.6% (Russ.) 
Analysis of PCB's by Thin-Layer Chromatography [117] 
A screening thin-layer chromatographic (TLC) technique for 
polychlorinated biphenyls (PCB's) was developed that can be 
done in the field. Quantitative analysis by TLC densitometry 
can be done in laboratory (or field van). A densitometer is 
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needed for quantitative work by TLC. An apple computer can 
be added to use as a computational device. Semi quantitative 
results can be obtained by visual comparisions. Confirmation 
can be made by Ag halide visualization on TLC. 
Dehalogenation with Na biphenyl, chlorination with SbCl^, or 
mass spectral confirmation can be used. Quantitative 
analysis is possible of the derivatized possible samples 
(Eng.) 
Thin-Layer Chromatographic Determination of the Pesticides 
Gardona, Afugan, Rubigan and Torque Simultaneously Present 
in Vegetable Products [118] 
Pesticides were extracted from apples, grapes, cucumbers 
and pears with acetonitrile, reextracted with CHCl^ applied 
to a column of Na„SO. 10, Florisil 10, celite 8, and 
activated Clg, eluted with CHC1_ and detected by TLC with 
0.1% bromophenol blue was used for qualitative detection and 
Dragendorff reagent for semiquantitative determination. 
Recovery of Gardona and Rubigan was 90-100%, Torque 80-100% 
and Afugan 70-80% (Bulg.) 
Results of Comparision of Methods for Determination of Heavy 
Metals in Natural Substances [119] 
Title only translated from Russian. 
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Preparation of Environmental Samples for the Determination 
of Polycyclic Aromatic Hydrocarbon by Thin-Layer 
Chromatography [120] 
An evaluation of extraction procedures, liquid-liquid 
distribution systems, separatioin-package, catridges, 
liquid-solid chromatography using silica, alumina and 
chemically modified silica packings (acid-base treated 
ethyl-ammonium nitrate and picric acid impregnated), 
macroreticular resins and gel permeation columns for the 
analysis of polycyclic aromatic hydrocarbons (PAH) in 
environmental samples by TLC is discussed. For particulate 
samples solvent extraction using a soxhlet apparatus or 
ultrasonication was preferable to sublimation and 
liquid-liquid distribution between hexane and DMSO followed 
by silica gel column chromatography was the prefered method 
for sample clean-up. Using this procedure enabled 6 PAH 
(Anthracene (I) fluoranthene, benz (a) anthracene, perylene, 
pyrene, and coronene) to be detected quantitatively in 
urban air particulate, diesel engine exhaust particulate, 
lab. ventilator dust, household dust, river water, and tea 
samples. The PAH were identified by coincidence of retention 
between the sample and standards in the same chromatographic 
system and by adequate agreement with standards for their 
normalized emission response ratios. The 2-point calibration 
method was used for quantitation. Good agreement for the 
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concentration of PAHs in the air particulate and diesel 
particulate extracts with published data using gas 
chromatography-mass spectrometry and HPLC was found (Eng.) 
Chromatographic Formaldehyde Assessment in the Environment 
[121] 
A thin-layer chromatographic method for detecting 
formaldehyde in environmental samples, such as soil, water, 
air, agricultural products, and biological samples is based 
on the extraction of formaldehyde with dimedone followed by 
TLC of the derivative on silufol plates. The interferences 
of other aldehydes were studied. The method allowed the 
detection of 0.004+ 0.001 mg formaldehyde in water, 0.003± 
3 
0.001 mg formaldehyde/m in air, and 0.6-1.2 pg 
formaldehyde/mL (Eng.) 
Chromatographic-Enzymic Determination of Residual Organo-
phosphorus Pesticides in Foods and Environmental Samples 
[122] 
Thirty-three organophosphorus pesticides were identified 
and detected in various samples (food, soil, water, etc.) 
containing other pesticides by TLC on silufol. The detection 
and quantification involved the use of NH^ and Br„ vapors., 
choline esterase, and indoxyl acetate. Detection limits of 
-10 -9 10 -10 g were observed (Russ.) 
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Quantitative Analysis of Pyrazole Derivatives in BiosE^ iere by TLC [123] 
The quantitative determination of pyrazole derevatives in 
biosphere substances consists of extraction of a mixture 
derivatives from samples with an organic solvent/ 
concentration of extracts by evaporation, removal of 
coextractive substances by redistribution in an organic 
solvent-acid system, neutralizing of acid and alkalizing the 
solution, reextracting the mixture of the derivatives from 
an aq. phase with an organic solvent, repeated 
concentration, TLC in a system of organic solvents and 
detection of stained spots of the separated derivatives. The 
• 
selectivity and sensitivity are increased by extraction with 
CHCl^; by using 5N HCl in purification, by reextracting the 
derivatives with CHCl^ at pH 8-9 by chromatography of the 
mixture in a hexane-acetone system (5:3 vol ratios); and by 
detection with an I.-starch reagent after n-halogenation 
with prior UV irradiation of plates. For separation of 
the derivatives from soil samples, the extraction is carried 
out with Me2C0 with subsequent evaporation of the extract 
until dry (Russ.) 
Industrial Environmental Monitoring: HPTLC Vs TLC [124] 
Tetrafluoroterephthalodinitrile was detected semiquanti-
tatively by HPTLC and TLC, MeOH, CHCl^ and CH CI solvents 
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were studied, with CH2CI, giving best results. Comparision 
was made of 4 glass backed silica gel plates incorporating a 
fluorescent inhibitor used without activation. Detection was 
be post-elution derivitazation using a virtually specific 
chromogenic spray reagent of alk. sodium 
nitroprusside-potassium hexacyanoferrate (III). The Rp 
values (0.33-0.56) were determined under vapor saturation 
conditions. The detection limits are 50 to 200 ng for 
conventional plates and 10 to 100 ng for HPTLC plates 
(Eng.) 
Analytical Procedures to Classify Organic Pollutants in 
Natural Waters and Environment [125] 
•In natural water of rivers, lakes, ocean, underground 
there are many kinds of organic pollutants. The organic 
pollutants were classified into four types using thin-layer 
chromatography; alkanes, polycyclic aromatic hydrocarbons, 
chlorinated organic compounds was detected by gas 
chromatography-mass spectrometry with a fused silica 
capillary column. The technique was practised in study of 
organic pollutants in sediments, sea water, ground water in 
the area of Rhode Island, USA (Ch.) 
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Work - Plan 
1. Development of new surface modified sorbent phases and 
exploration of their analytical potential in achieving 
new selective separations of metal ions. 
2. Possible applications of newly developed sorbent phases 
in the analysis of environmental samples using TLC. 
3. Optimization of experimental conditions for wider 
applicability of the proposed separation method in the 
presence of interfering species. 
4. Identification and quantifiqation of toxic metals on 
TLC plates. 
(gsa^i?^iEa-aaa 
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Development of New Surface Modified Sorbent Phases and 
their Application in the Analysis of Industrial Wastes 
Introduction 
In recent years the interest is growing for using thin 
layers made of surface modified sorbents [126-128]. 
Frequently used impregnants were organic substances, non 
polar liquids and substances capable of bringing definite 
change in solubility of the analyte in the liquid stationary 
phase or effective to the adjustment of pH values of sorbent 
phase. The silanol group (-SiOH) of the hydrated silica gel 
surface is weakly acidic and there is therefore some cation 
exchange when the gel is mixed with an aqueous electrolyte. 
The reaction 
M""^ + m (-SiOH) ^ M(OSi-) ^~^ + mH^ 
^ m 
is reversible in acid solution [129-131]. 
TLC is a convenient technique for handling environmental 
samples. Some examples to cite are: i. determination of 
heavy metals in water and aquatic plants [116], ii. 
characterization of hazardous wastes [70], and iii. 
estimation of toxic metallic species in industrial sewage 
[93]. 
The purpose of present investigation is to search out some 
new sorbent phases of enhanced selectivity towards metal 
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ions and to explore possibilities of their utility in the 
analysis of industrial waste. 
Experimental 
Apparatus 
A TLC apparatus (Toshniwal, India) was used for the 
preparation of 20x3.5 cm glass plates. Electrical centrifuge 
(Remi, India) was used for centrifuging, glass jars 
measuring 24x6 cm. were used for the development of plates, 
Elico model LI-IOT pH meter was used for pH measurements. 
Reagents 
Silica gel, lithium chloride, sodium chloride, potassium 
chloride, strontium chloride, cadmium chloride, silver 
nitrate, barium nitrate, thorium nitrate, uranyl nitrate, 
lanthanum oxide, formic acid, sodium formate were used. All 
the reagents used were of analar grade. 
Test Solutions 
The test solutions (1%) were chloride, nitrate or sulfate 
salts of nickel, cobalt, iron, cadmium, mercury, bismuth, 
thalium, lead, silver, uranyl, aluminium, thorium, copper, 
vanadyl and zinc; except dichromate (potassium dichromate). 
Double distilled water having a specific conductivity 
K=1.5xl0 Ohm cm at 25 C was used to prepare the above 
test solutions. 
62 
To study the interference of pesticides and herbicides, 
ale. 1% malathion, 1% carboryl, 1% carbofuran, 1% baristin, 
ale. 1% 2,4-dichloro phenoxy acetic acid and ale. 1% 
2,4,5-tri chloro phenoxy acetic acid were used. 
Detectors 
Following reagents were used for detection of spots on 
chromatograms. 
2+ 2+ 
1. Ale. dimethyl glyoxime (1%) for Ni and Co 
2+ 3+ 2+ 
2. Aq. potossium ferrocyanide (1%) for Cu , Fe , VO 
and UO^ "*" 
3. Dithizone (0.1%) in CCl. for Zn and Cd 
3+ + 2+ + 2+ 
4. Hydrogen sulfide gas for Bi , Tl , Pb , Ag and Hg 
3+ 
5. Aq. aluminon (1%) for Al 
6. Aq. thoron (1%) for Th 
Diehromate ion was self detected as it gives yellow 
spot. 
Mobile Phases 
Following solvents were used as mobile phases: 
0.1 M, 0.5 M, 1.0 M and 5.0 M formic acid, having the pH 
range of 2.05, 1.95, 1.80 and 1.45 respectively; and 0.5 M, 
1.0 M and 5.0 M sodium formate — having pH range of 7.50, 
7.65 and 8.50 respectively. 
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Stationary Phases 
Plain silica gel and silica gel impregnated with 0.1% - 5% 
aq. solutions of lithium, sodium, potassium, strontium and 
cadmium chlorides; silver, barium, thorium and uranyl 
nitrates; and lanthanum oxide. 
Preparatioin of TLC Plates 
a. Impregnated TLC plates were prepared by mixing silica 
gel G with aqueous salt solutions (impregnants) of 
required concentration in 1:3 ratio by weight. The 
resultant slury was mechanically shaken for 10 minutes 
after which it was coated onto glass plates with the 
help of TLC applicator to give a layer of 0.25 mm 
thickness. The plates were air dried at room 
temperature and then activated by heating at a 
temperature of 100 °C ( ± 5 °C) for 1 h. After 
activation the plates were kept in an air-tight chamber 
till their use. 
b. Plain silica gel plates were prepared in the same 
manner as described above; the only change was of using 
double distilled water instead of impregnant. No 
additional binder was added in any case. 
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Preparation of Spiked Industrial Waste 
100 ml distilled water was spiked with 250 mg each of zinc, 
cadmium, thalium and mercury salts to give a 1% solution. pH 
of this solution was adjusted to 3 using dilute HCl. H2S gas 
was passed through the solution till the metal ions present 
in this solution are completely precipitated. The liquid 
was centrifuged and the precipitate was dissolved in the 
minimum possible Volume of cone. HNO_ followed by dilution 
to 100 ml by the addition of distilled water. 
Procedure 
About 0.01 ml of test solution was spotted on the activated 
TLC plate. The spots were air dried and the chromatogram was 
developed allowing the solvent to ascend upto 10 cm from the 
point of application in all cases. After drying the 
chromatograms at room temperature the spots were visualized 
using the appropriate detector R (R of the leading front) 
and R^ (Rp of the trailing front) values for the detected 
spots on chromatogram were determined. The R„ (^ p= — =-) 
^ 2 
and A Rp ( ^  R^ , = R^ on plain silica gel- R on impregnated 
silica gel) values for the metal ions were calculated. 
To study the interference of pesticides and herebicides in 
the separation of metal ions present in the spiked 
industrial waste, and effect on the R^ values of metal ions; 
0.01 ml of spiked industrial waste was spotted on the 
chromatogram followed by the spotting of 0.02 ml of 
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pesticide or herbicide solution on the same spot. The plates 
were developed in 1.0 M sodium formate, dried and the spots 
were detected. R values were determined from R^ ^ and R^ 
values of the seported mixture. 
The limit of detection for some metal ions was determined 
by spotting test solutions of different concentrations onto 
the chromatoplates. The plates were developed in 1.0 M 
sodium formate and spots were detected. This method was 
repeated with successive lowering of concentration of test 
solution until no detection was achieved. The amount of salt 
present in the test solution just detectable was taken as 
the detectioin limit of the salt from which the lowest 
detectable amount of metal ion was calculated and reported 
as the detection limit of metal ion. 
Results and Discussion 
Results of this study are presented in tables 3.1-3.4and in 
figures 3.1 - 3.3 chromatography of cations on plain silica 
gel layers as well as on layers of silica gel impregnated 
with 0.1 - 5% aq. solutions of lithium, sodium, potassium, 
strontium, cadmium chlorides; silver, barium, thorium, 
uranyln nitrates; and lanthanum oxide was performed with 
formic acid and sodium formate systems. The following trends 
are noticeable which emerge out from the present study. 
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Fig. 3.1 Atomic number Vs A Rp Values of Metal Ions 
67 
1. Impregnated layers show different selectivity towards 
most of the cations and thus facilitate some new 
separations which are not possible on unimpregnated 
layers. 
2. Better results in terms of detection clarity of spots, 
spot compactness and the stability of chromatograms 
were experienced on silica gel layers impregnated with 
lithium chloride, thorium nitrate and barium nitrate. 
3. Best suitable impregnant for the analysis of industrial 
waste is found to be thorium nitrate. 
4. Appropriate impregnant concentration range is 0.1 - 1%. 
Higher concentration results in the formation of less 
stable TLC plates, whereas the lower concentration is 
ineffective to bring out the change in selectivity of 
sorbent layers ; therefore, we reported the A ^ p values 
for 1% impregnation in all cases except in the case of 
uranyl nitrate, where 0.1% impregnation was selected, 
because of the co-migration of impregnant with the 
mobile phase. 
2- ?-
5. *^ 2^^ 7 "^^ ^ ^^^4 were retained near their point of 
application (R^ = 0.0 , 0.0) in the case of 1% AgNO, 
impregnation, whereas in the case of other impregnants, 
2 + these ions showed faster mobility. Pb moves faster 
(Rp = 0.85) on silica gel impregnated with 0.1% 
lanthanum oxide compared to other impregnations. When 
to 
u 
0) 
> i 
(0 
H3 
(0 
0 
•H 
H 
•H 
CO 
•0 
0) 
+J 
10 
c 
tj> 
0) 
M Q, 
e H 
-. 
tfP 
H 
' ' 
C 
0 
-0 
v 
£ 
cu (0 
M 
01 
0 
4J 
(0 
g 
0 
u 
J: 
u 
(fl 
c 
0 H 
H 
(0 
+> 0) 
s 
M 
0 
tM 
CO 
(1) 
3 
H 
10 
> 
•P 
e 
0) 
s H 
u 
(0 
10 
"0 
•H 
0 
< 
u 
•H 
p 
p 
0 
h 
£ H 
cn 
c 
•H 
(0 
D 
b 
« 
<1 
s 
u 
M 
CQ 
Id C 
+> 0 
OJ H £ 
o 
z 
• 
68 
H 
O 
H 
• 
+ 
o (N 
o 
1 
H 
00 
o 
+ 
o 
H 
O 
1 
o in 
o 
+ 
H 
pa 
• < ^ 
H 
u 
^ 
o 
• 1 
o 
00 
o 
1 
u 
o 
o 
o 
u 
CO 
o 
1 
H 
c^^ 
o 
+ 
EH 
m 00 
o 
u 
05 
o 
« 
+ 
Q 
u CO 
1-1 
+ 
EH 
CO 
+ 
u CSI 
o 
+ 
u CO 
o 
u 
O) 
o 
• 1 
o 
00 
o 
1 
o 
c^  i H 
1 
u 
CD 
H 
1 
o CO 
• * 
+ 
u H 
T-l 
C/3 
• Q 
O 
(35 
+ 
H 
rH 
CSI 
+ 
H 
•<* CSI 
+ 
« 00 
CO 
+ 
H 
t * 
CO 
CJ 
LO 
rH 
• 
+ 
u 
rH 
O 
1 
CJ 
CO 
o 
+ 
CO 
o 
EH 
CQ 
03 
in 
+ 
u 
o 
o 
H 
lO 
rH 
• 
+ 
u 
CSI 
o 
+ 
u H 
O 
+ 
U 
o 
rH 
+ 
u H 
CO 
+ 
CJ 
CO 
H 
E-H 
m t> 
H 
• 
+ 
o 
CSI 
o 
+ 
u CSI 
o 
+ 
u 
«* 
o 
+ 
( J 
CO 
CO 
+ 
H 
CD 
H 
c 1 
iz; 
EH 
pa 
•<d< 
CO 
1 
H 
m 00 
CSI 
1 
u 
CSI 
00 
1 
o 
o 
o 
o 
u 
o 
o 
Q 
z 
p 
CQ 
00 
rH 
+ 
o 
CO 
CSI 
1 
o 
z 
u in 
o 
o 
o 
• 
o 
u 
o 
o 
o 
en 
Q 
u 
CO 
00 
1 
Q 
z 
u 
o 
o 
u CSI 
o 
• 1 
o 
CSI 
o 
1 
c_> CSI 
o 
1 
u 
o 
0^ 
1 
Q 
2 
o CSI 
o 
-p 
c 
0 
u 
E H U U O E H U O O U O C J 
O r H O O H C ^ t ^ C O O ^ O C S I 
O O C 0 O C 0 r H C S I O O ' - > O O 
+ + + 0 + 1 + l o ! 3 o | 
EH 
P Q U O O O O E H U O 
O O t - I O i n t » < 3 5 r H ^ C S I 
r H O C g H ' < 3 < H H r H q l - l o 
+ 0 + 1 + i + + ; 2 ; * j 2 ; r 
E H U U E H C J U . O E H O O (J 
i n ^ c s i i n c D C ^ t - c o o i n csj 
O O C S l H ' ^ H H H O O C O o 
+ + + I + \ + + a i' p r 
EH EH E-1 
E H E H U O m O p q E H O U C Q o 
O O ' ^ r H C O C O t ^ - C O ' i ^ O C O C S l C Q 
O O O C O r H O H r H r H C S I i n o 
+ + + r + r + + i' r i* r 
o t ^ t n o o c s i c o o ' * < o i n o c>j 
C J ) 0 0 C J 5 r ) < ( J ) C ^ ( J ) C J 5 O C 0 O O 
•H o u 
CSI 
3 
CO 
0 
•«1< 
o 
> 
Si 
i n CO 
T3 
00 
•H 
CQ 
(35 
ft 
o 03 
H 
o 
b 
M 
pa 
2§ 
o 
z 
CO 
L-, 
ca CO 
o 
• 
+ 
o 
^ 
o 
1 
CJ 
05 
O 
• 
+ 
u 
t^  
o 
+ 
H 
CQ 
m 
^ 
a 
• 
z 
Q 
2 
Q 
• 
Z 
U 
00 
o 
1 
H 
CQ 
H 
t^  
u iH 
T-i 
• 
+ 
Q 
m 00 
T-l 
« 
+ 
u 
t^  
o 
+ 
o LT 
05 
T: 
• 
:«s 
H 
i-i 
(M 
+ 
O 
05 
(N 
• 
+ 
U 
00 
o 
+ 
H iH 
LO 
i--
(OD 
iH 
• 
+ 
CJ 
<N 
n 
' 
Q 
• 
Z 
O 
OJ 
CO 
1 
H 
03 
M 
H 
Q 
• 
2 
O 
CO 
o 
1 
Q 
• 
Z 
o 
rH 
o 
1 
C_i 
CQ 
t^  
'^^ 
Q 
• 
S 
U 
o 
o 
o 
Q 
• 
s 
CJ 
o 
o 
o 
H 
CO 
ri 
lO 
u 
H 
o 
u in 
rt< 
E-
'^r 
CO 
CJ 
00 
o 
u 
o 
•^J' 
H 
t^  
o 
o 00 
o 
u CO 
o 
+ 
Q 
• 
z 
(J 
c^  
o 
Q 
Z 
Q 
• Z 
H 
CO 
CO 
U 
CM 
CO 
+ 
H 
'3' 
CO 
+ 
o 
cs CM 
E-
• ^ 
CO 
+ 
CQ 
05 
CO 
• 
+ 
CQ 
'^  
CM 
U 
O 
CM 
1 
Q 
Z 
u 
t^  
cg 
CJ 
o CM 
+ 
H in 
rH 
+ 
u 
o T-l 
u in 
CM 
+ 
CJ 
in 
• 
+ 
o 
CM 
CM 
CJ 
'J' 
iH 
• 
+ 
^ 
05 
D 
• 
Z 
CO 
05 
CJ 
T-( 
o 
• 
+ 
in 
05 
CJ 
00 
o 
1 
CD 
oc 
o in 
rr 
, 
1 
'S' 
-vf 
Q 
• 
Z 
'S^  
00 
CJ 
t> 
o 
, 1 
00 
00 
be O O rH J C OS 
W is D <c H 3 2 
CO •^ i n c£) r ^ 00 05 
69 
en 
U 
(0 
rO 
u 
•H 
t H 
•H 
w 
c 
• H 
(T3 
• H 
(1) 
Q) 4-) 
OJ U 
3 
I-I E 
> -H 
IJyO 
« cn 
4-1 
x; (B >-i 
U H +J 
4J -W 
H Z 
3 Z 
U 
> 
•p 
c 
o 
l-l -H O 
+j -H x: 
W W EH 
< U W O M bC 
(0 
0 
a 
w 
0) -H (U 
T3 >-l 'C 
•H 0 -H 
M -H V4 
0 x: 0 
-H U iH 
x: JS 
u E u D 
E -H E 
D 05 3 
•H 'J5 -H 
X rO E 
-P 4-1 T) 
•H 0 (0 
hJ CU U 
CQ Q Cu 
•P 
M 
+> 
(1) -H 
•P Z 
nj 
U rH 
•P >1 
•H C 
2 rO 
M 
E D 
D 
•H cV^  
1^ rH 
(13 • 
CQ O 
* 
X >-) 
0 
Q 
CO 
Q 
C 
B 
0 
u 
• 
0) 
•H 
X 
o 
E 
c 
x: 
4-1 
c 
0) 
H 
-0 (0 
m 
EH 
n 
r-l 
• H (0 
EH 
70 
n 
I 
(U 
H 
Xi (0 
V) 
M 
C 
> i 
to 
to 
u 
•H 
H 
•H 
(A 
"O 
0) 
•p 
to 
c 
CT* 
0) 
M 
dP 
•P 
c 
0) 
p 
H 
M 
(0 
to 
0) 
45 
to 
M 
O 
•P 
10 
£ 
U 
(0 
c 
0 
H 
to 
(1) 
£ 
u 
0 
U-l 
(0 
0) 
H 
10 
> 
0 
• H 
0 
c 
•rl 
D 
Ui 
a 
o 
K 
U 
0 
to 
+J 
0) 
^ 
• 
0 
z 
c 0 
H 
CO 
00 
O 
+ 
CO 
+ 
EH 
O 
H 
+ 
EH 
pa 
CO 
o 
+ 
Q 
z 
EH 
PQ 
T-l 
+ 
EH 
O 
O 
+ 
in 
o 
+ 
fH 
o 
EH 
O 
TH 
+ 
O 
to o 
+ 
EH 
O 
H 
+ 
to 
CO 
+ 
Q 
2 
O 
+ 
rH 
rH 
+ 
8 
+ 
EH 
O 
CO 
o 
+ 
CM 
t> 
+ 
£H 
m 
05 
H 
+ 
CO 
+ 
CO 
o 
+ 
CM 
CO 
+ 
00 
+ 
00 
+ 
00 
U 
eg 
o 
+ 
C^ 
o 
+ 
u 
eg 
o 
+ 
u 
O 
+ 
o 
o 
+ 
o 
O 
+ 
u 
CM 
O 
+ 
CM 
O 
+ 
o 
CM 
O 
CO 
00 
+ 
CJ 
00 
+ 
EH 
QQ 
CO 
+ 
o 
t> 
+ 
o 
CD 
00 
+ 
CJ 
CM 
00 
+ 
Q 
Z 
P 
z 
lO 
00 
00 
o 
+ 
CO 
CM 
1 
§3 
o 
+ 
o 
1 
in 
CO 
+ 
EH 
00 
H 
1 
00 
H 
1 
CO 
CSl 
1 
u 
in 
o 
CJ 
I—1 
o 
+ 
CO 
t> 
+ 
o 
o 
+ 
CJ 
t> 
+ 
CJ 
+ 
Q 
z 
CJ 
00 
+ 
r-l 
00 
+ 
o 
CJ5 
CJ 
CO 
o 
+ 
CJ 
CO 
o 
+ 
EH 
O 
rH 
+ 
u 
CO 
o 
+ 
u 
CO 
00 
+ 
Q 
z 
CQ 
CO 
CM 
+ 
+ 
EH 
ffi 
CO 
rH 
EH 
PQ 
in 
rH 
+ 
CO 
05 
u 
CM 
O 
+ 
CM 
05 
EH 
PQ 
O 
O 
O 
05 
00 
o 
1 
CM 
O 
Q 
Z 
C^ 
05 
CM 
CM 
1 
in 
CO 
00 
o 
1 
00 
o 
o 
o 
05 
o 
o 
CM 
3 
CO 
o 
> 
• * i n CO 00 
•P 
C 
0 
CJ 
71 
Ui ' t ' r - l n o r O L O O O CD 
<^  ^ -^ ° ° Q Q Q -*. ^ - : 
+ + + -•- + ^ ^ 2 2 I + + 
u S u u o o c j u 
0 . - t ^ O C ^ • O O Q O 
. . . . . Q O . « • • 
+ + + + + • ' O 1 2 + 
u u u 
05 CO in 
W O W O O Q D Q Q 
Q Q 
Q + Q + + Z 2 S 2 
2 2 
u m o a u u u 
'3< <N O CO O O CM 
O H O O O H Q Q O O Q Q 
+ + + + + 2 2 * 0 + 2 2* 
a Q 
2 
D 
2 
Q 
2 
U 
CJ5 
00 Q 
• 2 
U 
o 
o 
• o 
o CO 
o 
• 1 
Q 
2 
FH 
!? C^ 
• 
+ 
o u E - i U U o u m c Q 
^ c o c o c o o o c M c ^ i n 
o o t ' O O Q Q O O c g c M 
+ + + + a ^ ^ c > + + + 
O E - < U O U H O U 
M j - ^ i o o r o c o i r 3 C M - , c £ ) 
*^ O r - t O O O O Q p O O O ' - i t - l 
+* +* +* + + 2 2 + + ^ + 
U H O U 
O C M O O O , , . , , , , 
^ ' ^* ^* ^* 2 2 2 2 2* 2 2 
u 
^ 
o 
u CO 
H • 
u CO 
o 
u 
o 
o D 
O 
O 
O O Q 
u 
in 
n 
(D 
XI 
(T3 
+1 
U 
0) 
C 
D 
C 
0) 
> 
• H 
CT> 
oa 
•PO 
OH S 
0 
CO 
o 
I 
o 
o 
o 
E H 
O 
t> 
00 
00 
u 
CO 
o 
in 
o 
5B 
D 
2 
Q 
2 
U 
00 
o 
CO 
o 
o 
o CM 
O 
Q 
2 
O 
CD 
Q 
2 
00 
• r - l r - ( £ l b D M O O r - I X : O ^ 
( n H a 4 < : w & p < E - ' S s 
O) O i - ( c M c n r r i L O ( £ ) C ^ o C ( j i 
0) 
+J 
• t - l 
•H 
C 
c 
u 
0) 
E 
03 
O 
•4-> 
o 
c 
-p 
o 
o 
• J" 
c 
c 
•H 
e 
0) 
I 
0) 
H 
Xi 
(0 
t7> 
c 
•H (0 
D 
(0 
u 
>1 
A) 
CO 
M 
CN> 
^ 0 
B 'A 
^1 
u CO 
0 * 
•« H 
» '^ 
0 
H (0 
> 
O 
h 
U 
U 
pa 
H 
IT) C 
+J 0 
0) -H 
s 
0 
CO 
72 
u C.0 
o 
u CO 
o 
u 05 
o 
u CO 
o 
H 
CQ 
CQ 
in « 
o 
c>q 
o 
( J 
CO 
H 
o 
00 
•H 
o 
o 
o 
u 
o 00 
u 
lO 
o 
o 
TH 
00 
u 
o H 
u 
t> 
o 
o 
'* 
o 
t> 
o 
+ 
u 
CO 
o 
1 
Q 
• z 
o 
• ^ 
o 
+ 
s 
o H 
+ 
H 
rH 
rH 
+ 
H 
CO 
H 
O 
• > * 
o 
+ 
a 
cq 
o 
1 
D 
• z 
o O) 
o 
+ 
u 
c^  ir< 
+ 
u CSI 
o 
+ 
u 
ro 
o 
H 
00 
o 
+ 
u 
CSI 
T - ) 
+ 
a 
• IZ 
u 
•* 
• ^ 
+ 
o 
T-t 
• * 
+ 
o 
o (N 
+ 
u 
• * 
o 
o 
i n 
o 
+ 
CJ 
in 
o 
+ 
u 
C<1 
o 
• 
+ 
o i n 
rH 
+ 
E-i 
c^  rH 
+ 
E H 
CQ 
CO 
O 
+ 
H 
i n 
•* 
CQ 
Q 
PQ 
IN 
i n 
+ 
u 
H 00 
• 
+ 
o rH 
00 
+ 
E H 
CQ 
00 
CO 
+ 
E H 
n CO 
t> 
+ 
o 
PQ 
O 
o 
•* 
o 
1 
• CO 
o 
EH 
05 
CO 
« 
+ 
Q 
25 
EH 
CO 
cq 
1 
CO 
D 
CJ 
•«*< 
rH 
o 
i n 
rH 
1 
o 
CSI 
o 
1 
Q 
• Z 
Q 
is 
U 
t> 
H 
+ 
U 
C^ 
CD 
+ 
U 
rH 
H 
O 
CO 
o 
+ 
u 
05 
O 
+ 
Q 
• 2 
H 
U 
H 
CSI 
+ 
E H 
CO 
O 
H 
+ 
QQ 
O 
'S* 
+ 
o 
CO 
o 
o 
05 
o 
05 
05 CO 
CO 
05 
05 
in 
;3 O 
> 
u 
in 
c 
ISl 
05 
-a 
u 
•p 
c 
o 
u 
c^  CO •^  in CO 00 
73 
U 
M 
u 
<o c 
+J 0 
<U H 
o 
Q 
m 
in 
CSI 
EH 
in 
m 
o 
o 
o 
in 
o 
u 
CD 
o 
« 
D 
E l 
PQ 
00 
en 
E H 
CQ 
CO 
CO 
o 
O 
O 
O 
CO 
u 
H 
O 
I 
O 
0) 
o 
Q 
o 
CO 
o 
CO 
o 
C^J 
in 
E H 
O 
O 
o 
00 
o 
o 
CM 
Q 
o 
o 
• 
CO 
t> 
CO 
00 
CO 
o 
t^ 
<J) 00 CO 
X3 
UH 
M 
<: 
bD 
W 
^ 
o & o tD 
w 02 
o 
1-1 
CM CO • * in CO 
o 
02 
o 
s 
00 
CM 
C<1 
a 
CM 
cn 
Q 
Q 
• 
Z 
EH 
CQ 
in 
CM 
• 1 
Q 
u 
•<a< 
o 
1 
Q 
• 
z 
u 
o 
o 
• 
o 
Q 
u 00 
CO 
+ 
Q 
• 
z 
u CO 
t> 
• 
+ 
Q 
U 
CM 
O 
+ 
Q 
« 
Z 
u CM 
O 
• 
+ 
u 
CM 
O 
U 
CD 
rH 
+ 
E H 
m 
• < * 
in 
• 
+ 
o CO 
o 
• 
+ 
o 
02 
»* 
Q 
• 
z 
Q 
• 
z 
Ci 
• 
z 
Q 
o 
CO 
H 
1 
Q 
• 
z 
EH 
CD 
O 
• 
+ 
a 
o CM 
Q 
• 
Z 
P 
• 
z 
H 
CQ 
'^l^ 
H 
• 
fe! 
i n 
H 
o 
H 
H 
1 
E H 
CO 
CD 
H 
• 
+ 
U 
s 
• 
1 
u 
c^  
o 
Q 
• 
z 
Q 
• 
Z 
u CO 
CO 
• 
+ 
o 
CO 
• * 
Q 
• 
z 
Q 
• 
Z 
u i n 
CM 
• 
+ 
o 
o 
• * 
u 
o 
o 
• 
o 
EH 
CQ 
O 
CO 
1 
u 
CO 
o 
• 1 
u in 
T H 
1 
CO 
• 
Q 
H 
CQ 
O 
•5j< 
+ 
o 
CM 
O 
• 
+ 
o CM 
O 
+ 
u 
H 
1-1 
• 
+ 
u CO 
O 
+ 
Q 
• 
Z 
Q 
Z 
O 
o H 
• 
1 
u 00 
M 
1 
CJ 
H 
eg 
« 
1 
Q 
Z 
CJ 
O 
H 
• 
1 
CJ 
CJ2 
H 
1 
CJ 
00 
H 
• 
+ 
Q 
Z 
O 
CM 
CM 
• 
+ 
C_> 
CM 
O 
1 
CM 
05 
05 
H 
CO 
<u 4-1 
(0 
M 
+J 
•H 
z 
-H 
> i 
c (0 
(-1 
ID 
o\P 
rH 
• 
O 
1 
1 
t 1 
H 
X3 
(C 
•P 
U 
0) 
-o C 
13 
C 
(1) 
> 
• H 
cr> 
en (0 
<D 
E 
n3 
w 
w 
• H 
(U 
•p 
0 
c 
•p 
0 
0 
b4 
74 
0.1% uranyl nitrate layers were used as stationary 
2 + phase and 1. OM sodium formate as eluent, Cu showed 
less mobility (R_ = 0.22). Thus, Cu can be selectively 
r 
separated from several cations. 
6. Figures 3.2 , 3.3 demonstrate that there is significant 
variatioin in R_, values of metal ions with the changes 
r 
in the pH of mobile phase. 
The R„ values are minimum at pH 2.05 and maximum at 3.1 
for all metal ions except Ag and Ni. These two ions 
remain almost constant at all pH values. 
7. A chromatographic system consisting of 0.1% thorium 
nitrate impregnated silica gel layers and 1. OM aq. 
sodium formate as eluent was found to be a reliable and 
simple system for the characterization of industrial 
wastes. 
8. A successful attempt has been made for the analysis of 
industrial waste spiked with Zn, Cd, Tl and Hg ions. 
Three of the ions were recovered and separated (R„ 
r 
values are Cd = 0.81, Tl = 0.36 and Hg = 0.93) on TLC 
plates. With these results we anticipate that there is 
a bright scope for the analysis of industrial effluents 
by TLC, using our nev/ly developed sorbent phase. 
9. The presence of some pesticides and herbicides in 
environmental samples, such as industrial waste; do not 
hamper the separation of metal ions. 
u. 
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10. Thorium nitrate impregnated plates provide useful base 
for the sensitive detection of certain important 
inorganic pollutants present in water samples, as 
evident from table 3.4 
Table - 3.4 
Limits of Detection and Dilution, of Some Metal Ions on 0.1% 
Th{NO-). Impregnated Silica gel Layers Using l.OM Sodium 
Formate as Eluent 
S.No. Ions Salts Limit of Detec- Limit of 
tion (ug) Dilution* 
1:4.16667x10"* 
1:4 xio'* 
1:4.54545x10^ 
1:1.6313 xlO^ 
1. 
2. 
3. 
4. 
5. 
Ni 
Cu 
Zn 
Cd 
Tl 
NiCl2 • 
CuSO. . 4 
ZnSO. . 
CdCl2 
TINO^ 
' 6«2° 
. 5H2O 
. 7H2O 
0.24 
0.25 
0.22 
6.13 
38.36 1:2.607 xlO^ 
* 
Dilution Limit = 
IrVol.of test solution (ml)xlO 
Limit of detection (ug) 
(§ii^iPi?iEa-a^ 
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Sorbent Layers Impregnated with LiCl 
for the Analysis of Cations 
Introduction 
According to the literature thin layer plates impregnated 
with organic ligands have been widely used for the 
separation of metal ions [132-134]. Conversely, sorbent 
phases impregnated with inorganic salts (Zn, Cd, or Mg 
salts) have been utilized for the separation of organic 
substances. The complex forming capability of Ag ions with 
systems has been exploited cleverly for separating 
triglycerides, chinones and fatty acid derivatives. 
Surprisingly, only a few references are available in 
literature on the use of silica gel impregnated with 
inorganic salts as thin layers for the separation of metal 
ions . On the other hand, aqueous inorganic salt solutions 
have received considerable attention for their proper use as 
eluents in TLC of inorganics [135-139]. Berger et al. [140] 
have used lithium salts and ammonium lactate as eluents for 
the separation of alkali and alkaline earth metals. 
Our recent studies on TLC of inorganic ions clearly 
demonstrate the advantage of formate ion containing eluents 
[141-142]. Through the present study an efffort has been 
made to utilize Li ion in stationary phase rather than in 
eluent. As far as we are aware it is the first attempt to 
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utilize Li ions loaded silica gel or alumina for microgram 
detection and separation of inorganic ions using formate ion 
containing eluents. 
Exper iment.a 1 
Test solutions, detectors, apparatus and the methodology of 
preparing impregnated and unimpregnated plates were as 
described in the previous chapter. 
Reagents 
Silica gel, alumina, lithium chloride, formic acid and 
sodium formate. All reagents used were of analar grade. 
Mobile Phases 
The following solvent systems were used as mobile phases: 
S, = Aq. solution of 1.0 M formic acid {pH=1.8) 
S_ = Aq. solution of 1.0 M formic acid -•- Aq. solution of 
1.0 M sodium formate (1:1,pfl=3.3) 
S^ = Aq. solution of 1.0 M sodium formate {pH=7.65) 
Stationary Phases 
The stationary phases used were: 
a. Plain silica gel. 
b. Silica gel impregnated with 0.1-5% aqueous solutions of 
lithium chloride 
c. Plain alumina 
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d. Alumina impregnated with 0.1 and 1% aqueous solution of 
lithium chloride 
Procedure 
The same procedure as discussed in chapter-III,was followed 
for sample application on chromatoplates, development of 
chromatograms, location of migrated solute zone, 
determination of Rp values and other parameters. 
For the study of counter ion effect on the R values of 
cations, 0.01 ml of cation solution was spotted on the 
chromatogram followed by the spotting of 0.02 ml anion 
solution on the same spot. The plates were developed in S->, 
dried and the spots were detected. R„ values were determined 
from RT and R^ values of the separated cations. 
LI 1 
Results and Discussion 
The main features of the present study are 
a. The use of HCOO ions containing eluent, 
b. The use of Li exchanged silica gel and alumina layers 
as stationary phase and 
c. Effect of both cations and anions on the separation of 
2+ 2+ Cu and Cd from other metal ions. 
Eluents containing HCOO" ions have found some interesting 
applications in ion exchange chromatography [143,144] in 
recent past. However, their use in thin layer chromatography 
is lacking. The latest publications [141,142] reveal that 
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aqueous solutions containing formate ions can be 
advantageously utilized for the separation of inorganic 
ions. 
Silica gels and aluminas used in TLC are porous systems. 
Surface active centers of alumina are hydroxyl groups and 
oxide ions whereas the silanol groups (-;?Si-OH) at the 
surface of silica gel represent sorption-active centers. The 
selective interactions of the sample molecules to be 
separated take place at the active surface centers of the 
silica gel to provide chromatographic separations at the 
surface or near the surface within the pores. Forces that 
effect sample sorbent surface interactions include hydrogen 
bonding, dipole-dipole and electro-static interactions. The 
intensity of these forces depend on the number of effective 
silanol groups. Surface modifications can be brought about 
by either chemically reacting the sorbent with appropriate 
reagent or by prechromatographic impregnations of the porous 
matrix with suitable organic or inorganic substances 
(physisorption). The surface of silica gsl can be modified by 
utilizing ion exchange properties of surface groups. Lithium 
can be introduced into the silica surface inorder to achieve 
a sorbent phase of altered selectivity. The following ion 
exchange process happens to take place when silica gel is 
mixed with an aqueous solution of LiCl. 
Si-O-H"*" + Li"*" ^ Si-O-Li"^ + H"^  
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The majority of applications of alumina as sorbent in TLC 
are based on adsorption mechanisms. Because of the hiyh 
2 
density of hydroxyl groups (average density 13 )i moles/m ) 
alumina tend to adsorb molecules of water from surrounding 
atmosphere and thereby become deactivated. This property of 
alumina affect the reproducibility of analytic results. 
Thereby surface modification not only improves the 
selectivity but also the reproducibility. The hydroxyl 
groups on the alumina surface undergo cation exchange in 
much the same manner as on silica surface. 
AI2 -O-H"^  + Li"^  t ^ ^^2 -0-Li"^ + H^ 
The results of this study are summarized in figures 
4.1-4.4 and tables 4.1, 4.2a, 4.2b and 4.3. Thin layers made 
from LiCl impregnated silica gel or alumina were of. good 
quality. The development time ranged from 30-45 min. 
depending upon the composition of mobile phase. The 
effectve impregnation concentrations were 0.1% and 1.0% for 
silica gel and alumina respectively. 
Fig. 4.1 illustrates the dependency of R„ values of metal 
ions on the degree of impregnation of LiCl. It is evident 
from Fig. 4.1 that in general the compactness is greater on 
0.1-0.5% impregnated silica gel layers compared to higher 
impregnation. Therefore, silica gel layers impregnated v%rith 
0.1% LiCl were selected for the detailed study. Of the 
solvent systems tried, 1.0 M sodium formate and 1.0 M formic 
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DEGREE OF IMPREGNATION (%) 
Fig . 4 .1 Effect of degree of impregnation on R^ values of tnetal ions 
Compact s p o t s , R T - R ^ < 0 .3 
T a i l e d s p o t s , R L - ^ T ^  ^'^ 
Badly t a i l e d s p o t s , R -R„> 0 .4 
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acid + 1.0 M sodium formate (1:1) provide better separation 
2 + possibilities of metal ions. Mid R_ values of UO (0.6) and 
r 
2+ Cu (0.46) on 2% LiCl impregnated silica gel layers in 1.0 
M sodium formate respectively permit some interesting 
4-f 
possibilities of ternary separations of metal ions. Th 
(R„5::« 0.6) can be selectively separated from other metal 
r 
2+ 2 + ions including VO and UO in 1.0 M sodium formate + 1.0 M 
formic acid (1:1) system. Inspection of Fig. 4.1 reveals 
that, generally the R- values decrease with the increase in 
degree of impregnation. Some metal ions show almost constant 
mobility at all impregnations. 
The results of R„ values (R„ on plain silica or alumina-
r r 
R„ on impregnated silica or alumina) presented in Fig 4.2 
r 
demonstrate how the selectivity of silica or alumina altered 
on impregnation with LiCl. In S, the impregnated alumina is 
more selective (strongly sorbing) than plain alumina for 
most of the metal ions as indicated by positive A Re, values. 
Conversely, plain silica layers are more selective compared 
to impregnated silica gel layers as evident by negative 
AR„ values. In S_ all metal ions show almost the same 
mobility on both impregnated and unimpregnated alumina. In 
the case of silica gel, the negative AR„ values for most of 
the metal ions are indicative of pronounced effect of 
impregnation. In S^ the impregnated silica gel shows greater 
2+ 2+ 2+ 2+ 7 + 
selectivity towards VO , Cu , Zn and Pb whereas Hy 
moves faster on impregnated alumina ( ^  R = -0.68). 
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Fig. 4.3 shows how the mobility of metal ions on 
impregnated silica gel (0.1% LiCl) or alumina (1% LiCl) 
changes with the pH of the mobile phase. On impregnated 
silica gel layers the R„ values are decreased on the 
increase in pH value of the mobile phase. The exceptions are 
2+ 2+ 2+ 
Ni , Co and Hg which moved with the solvent front 
regardless of their pH. Ag remained at the point of 
application at all pH values. R„ values of most of the metal 
ions on impregnated alumina pass through a maxima at pH 
value of 3.3. 
Fig. 4.4 shows an interesting linear relationship between 
the charge on metal ions and their avarage A R^ , value. It is 
clear from the figure that the impregnated silica gel layers 
are more selective for metal ions bearing higher charge as 
evident by higher negative A R„ value. 
Investigation of the relevant R values of metal ions 
chromatographed on various sorbent phases in different 
solvent systems permit several separations of analytical 
interest. A few of such separations experimentally achieved 
are listed in table 4.1. 
To widen the applicability of the proposed method, 
. . 2+ 2+ 
mxcrogram quantities of Cu and Cd have been separated 
form accompanying metal ions in the presence of numerous 
counter ions (anions). To presenf: a more clear picture 
2+ 
regarding the effect of anion on the separation of Cu from 
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Fig. 4.3 Plot of R Vs pH of mobile phase, 
All symbols are as in fig. 4.1 
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Fig. 4.4 Plot of average AR„ Vs charge of metal ions 
r 
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Zn^ "^ , Cd^ "^ , Ni^ "*" and Fe"^"*" and of Zn^ "^  from Cd '^; some TLC parameters 
such asA. Rp (Rp of fast moving metal ion -R^ ^ of slow moving 
metal ion), capacity factor (K'), separation factor (oC ) and 
resolution (Rs) have been calculated. The data are given in 
table 4.2a and 4.2b. The following relationships were used 
to calculate the values for K', aC and Rs. 
1 - R„ 
(i) K' = 
R 
F 
K' measures the degree of retention of a solute compared 
to the solvent. 
K' of Cd or Cu 
(ii)*^ = 
(iii) Rs = 
K' of separating ion 
A X 
1/2 (d^ + d^) 
V>?here A X is the distance between the centers of the 
separated spots and d,, d- are their respective diameters. 
It is evident from table 4.2 that most of the anions do not 
offer deleterious effects on the separation. However, they 
cause slight change in the R„ values of the separating metal 
r 
ions. The serious effect was due to ferro and ferri cyanides 
on Zn-Cd and Cu-Zn separations. Cu-Ni separation could not 
be achieved in the presence of SCN~ ions. Separation of 
2+ 2+ 3+ — ~ 
Cu from Cd and Fe is hampered by 10 3 and 10.. 
Similarly the separation of Zn from Cd is not possible in 
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TLC Parameters for the Separation of Cd from Zir"*" 
with 1.0 M Sodium Formate on 0.1% LiCl Impregnated 
Silica gel Layers 
S.No. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
Anions 
F~ 
C l " 
B r " 
I " 
NO-
NO-
SCN~ 
^°3 
cio; 
BrO-
^^3 
IO4 
^4' 
so^" 
Teo2-
W02-
MoO?~ 4 
P04~ 
AsO^-
F e ( C N ) | " 
F e ( C N ) | ' 
A R p 
14 
14 
8 . 4 
8 . 7 
1 8 . 2 
1 2 . 2 
11 . 5 
1 . 0 
-
2 . 0 
1 5 . 0 
1 5 . 6 
1 5 . 1 
- • 
1 5 . 1 
1 8 . 0 
-
1 2 . 4 
1 5 . 0 
-
-
Zn-
^ ' c d 
0 . 1 9 
0 . 1 9 
0 .07 
0 .14 
0 . 0 9 
0 .16 
0 .08 
0 .09 
0 .17 
0 .09 
0 . 1 1 
0 .09 
0 . 0 9 
0 .14 
0 . 1 1 
0 . 1 1 
-
0.14 
0 . 1 1 
-
-
-Cd 
aC 
0 .12 
0 .12 
0 .005 
0 . 0 1 5 
0 . 0 0 4 
0 .012 
0 . 0 1 
0 .07 
-
0 .005 
0 .007 
0 .005 
0 .007 
-
0 . 0 0 7 
0 .007 
-
0 .007 
0 . 0 0 7 
-
-
R 
s 
8 7 . 5 
8 7 . 5 
4 8 . 0 
4 8 . 3 
1 3 4 . 8 
6 5 . 9 
7 4 . 1 9 
5 . 3 
-
3 . 7 
9 6 . 7 
9 6 . 7 
100 .6 
-
9 3 . 7 
120 .0 
-
8 8 . 5 
9 6 . 7 
-
-
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2- . 
the presence of MoO. ions. 
The data listed in table 4.3 indicate that the metal ions 
can be easily- detected at trace level from their aqueous 
solutions on TLC plates. 
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